Abstract. The objective of this study was to establish a serum-free culture system for bovine endometrial epithelial cells, and to identify the function of these cells. Epithelial cells were separated from uterine endometrium at Days 5-10 of the estrous cycle by 0.76% EDTA-PBS and collagenase treatment. After histological observation, the epithelium was completely separated from the basement membrane by EDTA treatment. The separated epithelial cells were then dispersed by collagenase and cultured in Dulbecco's Modified Eagle's Medium/Ham's F-12 1:1 supplemented with insulin, transferrin, sodium-selenite, hydrocortisone, retinol, ascorbic acid and antibiotics on collagencoated culture dishes. The cells attached to the substrate and reached confluency after 5-7 days of culture. An immunocytochemical study revealed that the cultured epithelial cells were positive to cytokeratin, but not vimentin. The production of prostaglandin (PG) F2α was significantly higher (p<0.001) in the presence of 100 nM oxytocin (OT; 2.81 fold greater than the concentration in the control) than in the absence of OT. These results indicate that it is possible to culture bovine endometrial epithelial cells in the serum-free culture system, and that cultured cells have some typical characteristics of endometrial epithelial cells.
he uterine endometrium, a complex tissue, is constructed mainly from epithelial cells and stromal cells. Epithelial cells have specificity to the stimulation of prostaglandin (PG)F2α production by oxytocin (OT). PGF2α produced by the uterus is the luteolytic agent in ruminants [1, 2] . The episodic release of OT by the neurohypophysis stimulates the production of uterine PGF 2α [2, 3] . The initial PGF2α that is released triggers the release of additional OT from the corpus luteum by a positive feedback loop [4, 5] . Epithelial cells respond to OT, but stromal cells do not [6] [7] [8] . Thus, to investigate function of the cultured uterine epithelial cells, the production of PGF 2α in response to OT is useful as a functional marker.
Many attempts have been carried out to clarify the functions of the endometrium in early pregnancy by culturing uterine epithelial cells in supplemented serum [6, [9] [10] [11] . However, a problem with such culture systems is that the supplemented serum is contaminated with many unknown factors. Also, another problem is the overgrowth of contaminating stromal cells such as connective tissue fibroblasts and/or vascular endothelium, because fibroblasts grow faster with the serum [13] . Factors contained in serum, such as platelets, have a strong mitogenic effect on fibroblasts [12, 13] . Therefore, reducing serum is useful for inhibiting fibroblastic overgrowth.
Several studies have reported the serum-free culture of human [14] , murine [15] , guinea pig [16] and porcine [12] epithelial cells. However, there have been no studies on serum-free culture of bovine endometrial epithelial cells. The objectives of the present study were to establish bovine endometrial epithelial cells in a serum-free culture system, and also to determine their morphology and functions.
Materials and Methods

Isolation and culture of bovine endometrial epithelial cells
B o v i n e u t e r i w e r e c o l l e c t e d f r o m a slaughterhouse and the physiological status of the tissue was estimated based on the ovarian morphology described by Ireland et al. [17] . In this study, a total of 15 healthy uteri (Days 5-10) were used: 6 were used for isolation of the epithelial cells, 3 were used for immunocytochemical analysis, and 6 were used for measuring PGF 2α levels. Each uterine horn was filled with 20-50 ml of 0.76% EDTA-PBS (Sigma Chemical Co., St. Louis, MO, USA, calcium and magnesium free, pH 7.4) and preincubated for 1 h at 37 C. Each uterine horn was cut vertically and the uterine lumen was exposed. The endometrial epithelium was scraped off by a surgical blade and then incubated for 8 min at 37 C in Dulbecco's Modified Eagle's Medium and Ham's F-12, 1:1 (v/v; DMEM/Ham's F12, Sigma, D 2906) supplemented with 0.1% (w/v) collagenase (Sigma, C 0130). The cell suspension was passed through a nylon wool column (70 µm; Becton Dickinson, Franklin Lakes, NJ, USA) and centrifuged for 10 min at 100 × g. The resulting pellet, containing erythrocytes and epithelial cells, was then recovered and subjected to density gradient centrifugation for further purification. The pellet was resuspended in 2 ml of fresh DME M/Ha m's F-12 and placed on Pe rcoll gradients (50, 25 and 12.5% v/v: Amersham Pharmacia Biotech UK Ltd., Buckinghamshire, England) followed by centrifugation for 10 min at 350 × g. The number of viable cells that excluded Trypan blue was counted using a hemocytometer.
Collected epithelial cells were resuspended in DMEM/Ham's F-12 supplemented with insulin (10 µg/ml, Sigma, I 6634), transferrin (10 µg/ml, Sigma, T 3400), sodium selenite (25 nM, Sigma, S 5261), hydrocortisone (100 ng/ml, Sigma, H 0888), retinol (10 ng/ml, Sigma, R 6132), L-ascorbic phosphate magnesium salt (100 µM, Wako, Osaka, Japan) , pe nicillin ( 100 IU/ml, Sigma) a nd streptomycin (100 µg/ml, Sigma). The cells were then plated at 2 × 10 5 per well in 24-well cluster dishes (Becton Dickinson) coated with rat-tail collagen. Then, epithelial cells were cultured in the same culture medium under an atmosphere of 5 % CO2 in air at 38.5 C. Culture media were changed every 2-3 days.
Immunocytochemical analysis
Separation of the epithelial cell layer from the basement membran: An immunohistochemical analysis of uterine tissue before and after EDTA treatment and scraping was carried out. Uteri were quickly frozen in an embedding O.C.T. compound (SAKURA Finetechnical, Tokyo, Japan) in liquid n i t ro g e n v a p o r a n d s t o r ed a t -8 0 C un ti l immunohistochemical staining. Frozen tissues were sectioned (6-8 µm thick) with a cryostat (HM 500, Microm Lab. Germany) at -20 C. Cryosections were mounted on 3-aminopropyl triethoxysilanecoated slides, briefly air dried and stored at -80 C. Samples were fixed in -80 C acetone for 5 min and the n air dr ie d. For immunohistochemical observations, nonspecific staining was blocked with 3% goat serum and 5% skimmed milk in PBS for 30 min at room temperature. The samples were incubated overnight in the primary antibodies (1:300; rabbit polyclonal antibody against bovine collagen type IV, LB-1407, Tokyo, Japan) at 4 C. After the primary antibody treatment, sections were stained with Pathostain ABC-POD Kit (WAKO Chem. Co., Tokyo, Japan) and then nuclei were stained with Mayer's hematoxylin (WAKO). Immunostained sections were observed using a Nikon photomicroscope (Nikon Eclipse E800, Nikon, Tokyo, Japan).
Identification of cultured cells: Morphological observations of cultured cells were carried out with an inverted microscope (Nikon Diaphot). The homogeneity of cells was analyzed using rabbit polyclonal antibody against mouse cytokeratin (derived from mouse hair; kindly donated by Dr. F. Nakamura, University of Hokkaido, Hokkaido, Japan) and mouse monoclonal antibodies against pig vimentin (Sigma, V 6630). The separated epithelial cells were cultured on chamber slides (Nalge Nunc International, Naperville, IL, USA) until they reached confluency, then they were washed in PBS, fixed with 3.7% paraformaldehyde, rinsed with PBS for 10 min at room temperature, incubated with PBS containing 0.1% (w/v) Triton X for 5 min and rinsed with 0.1% Tween 20 PBS (T-PBS). To positively stain vimentin, fibroblasts were separated from fetal calfskin, cultured in serumsupplemented medium, incubated for 1 h in PBS containing 5% skimmed milk for blocking, washed 3 times with T-PBS, incubated overnight in primary antibody against cytokeratin diluted 100 times in PBS or vimentin diluted 400 times at 4 C, washed in T-PBS, incubated with FITC-labeled goat antirabbit IgG (10 µg/ml) or goat anti-mouse IgG coupled to avidin biotin complex in PBS containing 1% (w/v) BSA, washed in T-PBS to remove excess second antibody and viewed for fluorescence using a fluorescent photomicroscope. Cells incubated without the first antibody were assigned as a negative control.
Measurement of prostaglandin F2α level
After reaching confluency, epithelial cells were cultured for 24 h in fresh culture medium supplemented with or without 100 nM OT (Peptide Institute Inc., Osaka, Japan). Accumulations of PGF2α secreted into the culture media during the culture were measured by radioimmunoassay (RIA). Five hundred microliters of culture media were collected each in 1.5 ml tubes, centrifuged (1200 rpm for 10 s) with 5 µl of stabilizer (0.3 M EDTA, 1% Aspirin (Sigma), pH 7.3), and stored at -20 C until the PGF2α assay. The concentrations of PGF 2α in the culture media were measured after 10-fold dilution with assay buffer. The PGF 2α standard curve ranged from 31.25 to 4000 ng/ml. DNA contents were measured by a spectrophotometric method as described by Labarca and Paigen [18] to estimate the number of cells in each well and to standardize the results.
Statistical analysis
The data are shown as the mean ± SE of values obtained from 6 separate experiments, each performed in triplicate. The statistical significance of differences between controls and treated groups was assessed by t-test for paired data (StatView; Abacus Concepts, Inc., Berkeley, CA).
Results
Isolation and culture of bovine endometrial epithelial cells
The epithelial cell layer was clearly observed before EDTA treatment (Fig. 1A, LE) . Collagen Type IV has been immunolocated as a discrete band in the uterine basement membrane. After immuno-staining, collagen Type IV was also clearly observed in the basement membrane (Fig. 1A,  closed arrow) . By contrast, after EDTA treatment and scraping, the luminal epithelial cell layer was completely removed (Fig. 1B, LE) , but most of the glandular epithelium remained (Fig. 1A, 1B, GE) . However, the basement membrane was not damaged by EDTA treatment (Fig. 1B, arrowhead) . EDTA treatment resulted in the recovery of only epithelial cells from the lumen. By using density gradient centrifugation with Percoll, viable epithelial cells were recovered from the interface of the 25% and 50% Percoll layers. Red blood cells and other debris migrated to the bottom of the tube. Degenerated epithelial cells and other cells were collected from the interface between the 25% and 12.5% Percoll layers. These procedures are described in figure (Fig. 2) . After the cells were separated from the uterus and recovered, their viability was more than 90% in all cases, and the total number of viable cells per uteri was almost 2 × 10 7 . Most cells attached to the culture plate by 48 h after plating. The cells grew to a confluent monolayer on collagen coated dishes within 7 days (Fig. 3) .
Immunocytochemical analysis
Cultured cells exhibited cuboidal morphologies, which are typical in epithelial cells (Fig. 3) . Almost no contamination with stromal cells, which can be recognized by their spindle shape, was observed. Immunostaining of cultured endometrial epithelial cells strongly detected cytokeratin (Fig. 4A) , but it did not detect vimentin (Fig. 4B) . Fibroblasts did not show cytokeratin staining (Fig. 4C ), but they did positively stain for vimentin (Fig. 4D) .
PGF2α production
PGF 2α concentration without OT was 277 ± 41 pg/µg DNA, and with OT it was 707 ± 41 pg/µg DNA. PGF2α production was significantly increased (to 2.81 times that of the control) by the addition of 100 nM OT (Fig. 5) .
Discussion
In the present study, bovine endometrial epithelial cells were successfully cultured in serumfree medium after EDTA-scraping and enzymatic separation from the uterus endometrium at Days 5- . Only epithelial cells from the lumen were recovered by this process. LE, luminal epithelium; GE, grandular epithelium; S, stromal layer; closed arrow, uterine basement membrane. Scale bar=100 µm.
Fig. 2. Diagram of density gradient centrifugation with
Percoll. Viable epithelial cells were recovered from the interface of the 25% and 50% Percoll layers. Red blood cells and debris migrated to the bottom of the tube. Non-viable epithelial cells and other cells were collected from the interface between the 12.5% and 2 5% P erco ll l ayers. C urved arro w i ndic at es centrifugation. 10 of the estrous cycle. After EDTA treatment, most of the cells that were recovered were luminal epithelial cells but some glandular epithelial cells were also present. Immunostaining of collagen type IV showed the location of the endometrial basement membrane, and showed that it was kept intact. These results suggested that there was little or no stromal cell contamination. Moreover, contaminating stromal cells or erythrocytes could be removed by Percoll treatment. The methods established in the present study will help to obtain highly purified epithelial cells for subsequent culture. Casslen and Harper [14] were able to culture human endometrial epithelial cells in serum-free medium using collagen coated tissue culture plates. We also used collagen coated culture plates in the present study. Without collagen coating, few of the isolated cells attached to the dish. Therefore, rat tail collagen is necessary for the attachment and growth of epithelial cells in serum-free culture systems. By adding supplements to the medium, we were able to successfully grow epithelial cells in serum-free DMEM/Ham's F-12. After seeding, the cells reached confluency within 5 to 7 days. This growth rate did not differ from that of cells cultured in serum-supplemented medium. The morphological characteristic of cultured epithelial cells has been observed by immunohistological methods [9, 12, 15] . Cytokeratin and vimentin are specific markers of epithelial cells and stromal cells, r e s p e c t i v e l y [ 9 , 1 4 , 1 5 , 2 0 ] . T h e p r e s e n t m o rph o l og i ca l a n d i m mu n o hi s to ch em i ca l observations confirmed that bovine endometrial cells cultured in serum-free medium still maintain their morphological characteristic. I t h a s b ee n w el l de m o n s t r a t ed t h a t t h e production of PGF2α from epithelial cells is increased by stimulation with OT secreted from the corpus luteum and neurohypophysis following luteolysis [2] . However, endometrial stromal cells do not respond to OT [6] [7] [8] . Endocrinological studies of the bovine uterus have often used uteri in the early estrous stage. This is because the stage of estrous can be determined accurately from slaughterhouse material owing to the presence of the corpus haemorrhagicum in the ovary and, thus, variability among uterine samples is reduced [6, 8] . However, only a few studies have used cultured cells from the early to mid-luteal phase. In this study, we used uteri at Days 5-10 of the estrous cycle because this stage, which corresponds to the pre-implantation period, gave good reproducibility between replicates in the preliminary study.
In previous studies dealing with uteri in the early estrous stage, OT strongly stimulated PGF2α production (to levels 5-6 fold higher than that of the control) in epithelial cells cultured in medium supplemented with serum [6, 8] . In the present study, PGF2α production by cultured epithelial cells was also significantly stimulated by OT, but the increase (to a level 2.81 times that in the control) was not as great as reported in previous studies. These results indicate that epithelial cells cultured with serum-free medium respond to OT.
In conclusion, we established a serum-free culture of bovine endometrial epithelial cells that maintain their morphological characteristics and that secrete PGF2α in response to OT stimulation. This system can therefore, be used for studying the physiology of the bovine endometrium.
